
ltrAt3d. ChmSifiC&tf~A Of Segrt3g-t w 
Lysate W.Asd.’ LJm& ?Y Cross S5* 

Idiotvpic Allotspic 
(+) Itot. Pmt. (+) !f!ot. Prot. 

@a12- Lp+ wild (l&12- Gal 4070 - - 
(2) n d- c" 5384 - - 
(3) 6 H 0 2072 - - 
(4) * i! 0 6y& - - 

Gal40 L$ wild #G;l4- Gal- 4 G 896 - - 
” 0 918 - - 

‘2’ 1 I n 0 0 1134 863 - - - - 

Gal4' LpS Gal*- Gal 4- 0 27% 3 3183 
n 0 26j5 3471 
II 0 34&i u” 

(4) ; !i 0 5952 1 
w 

Oh+- Gal 2- 07 
5000 1 841 
3102 0 19E% 

(2) ” n 10 4364 0 1187 

Gal4- &p+ Gfi2- Ge14- 0 16lG4 3 1389 
n 0 5730 1 164 
n 0 3358 0 202 

LJ c:,Gh,- ’ 0 12848 1 171 
11200 0 827 

(2) 'I y2- ii 10608 0 718 
? # H 3 5000 0 409 



Gall- a vild 0 0 
+ 0 0 

1 
0 

0 
0 

7 
1 

Gal4- 1 0 0 1 

Ual2’ -,XI a Ual1’ 20 0 0 20 

3.. >a :. Galb- 21 1 1 23 

+ (7W ml- 19 3' 0 21 
(8) :- 14 2 19 

(9) (-’ -- 5 1 0 23 
(lo):- 7 0 16 

+ (13J& 3 0 19 

r (14)%5 3 0 18 

(l),(8) ,(lO), cultures of W2175. (2),(7),(9), aulturea of Y12lO 
(3),(6),(11), lye&as of W1210. (4),(5),(12),(13),(14) lyrstar 

of ~902. Wyo? ir tlm Lp2' pamAt of W2175. 



(21 4 0 4 

Gal,- I 4 0 4 

+ 4 0 4 

Gall + Ga12- (3) 4 5 9 

(4) 0 3 3 

QaQ- 8 Qal4- 0 1 1 

+ (5) Qq- 0 2 2 ‘. 

(6) GdL4- 4 0 4 

(7) 0 1 1 

Gal40 8 Gs12- (8) 16 3 19 

(9) 0 1 1 

+ (10) a' 3 18 - 

60 19 79 

(l),(5),(6), aulturee of W2175. (2),(7), aulturer of W1210 
(3). (8),( lo), lysater of W902. (4),(9), lysrter of W1210 



ttablo 

mm observed 

nora obrerved 

SW 

su 
- 

stable 

* 'Pramduutian made with a mixture of Hpvp %l - and Gal2- lymter. 
l * These lysataa were from a mixtmt of caLt&s. 

' 
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mdhlg which irsloolvzs tl2s entire genotjpi?. !Fhe clarificaU.on, differentiation, 

and Wkemelationshiips of thess xecWsms were exqhasiaed in -this in- 

f The Ll-SOGBNIC sJISm*I IN E. COLI'K-12 -I- _YL 

The re?.ationsMp Of a %qxmat~ phage, 1, to a speci.ffc locus, 

La (latent @age) has already 'tr=en reported (10). 3k mz, the prin- 

clpal x*aact-loa types of bacterhl strains are: sensitive (Lp'), lysogetic 

they behxm as a system of rmltiple alleles, linked most closely with 

GaQe TUB U.&age has been confined h a Gal+ Lp* x Gal- Lp8 cross 

fyt amtber laboralmy (27)0 In addition, the two factors Gogregated out 

of heterozygous dAploids An the parental coupling. This evidence points, 

therefore, toa genicdeterndxantre~t~ thenaintemnce af~provirus, 



th%e typea addeorbh. A second ion. '8, Lp2, ContrGls resistance or S@p1- 

sitivity to x -2!, a 

Lp2 does not 3xWrfere -with the ~~&~tenance of ~pmvfous3.y established 

Fin Lp* strains, The genotype Lp*Lp$ 5s conse@xx&ly Indistinguishable 

fro=1 L$LP~~ types with respect to lqtic effect of k Cross-reactions of 

%W Data on k&mm-1% The status of -111 -w - --- the vaz5oua isolates of immne-l 

&mbs has bsen repoxted, and the titerpretatio~ of their constiktion with 

respect 4~ prophage had been reserved ~xmding etidence of a Wcryptolysoge~cW 

pAtage t!ut aormally fails to mture to give rise t9 lytic virus. Tha 

sogragation pattern of Ga3.~Lp+/Ga$Tpr dQXoids, also heterozygous for 

hypot!x?sis that Lpz types may carry a Eon=-reprod&.ng prophas is anpport.ed 

by ~xqes:ments 5x1 which a lox titer of Awas recovered by &V irduction of 

at least one (22), L$ types an3 also snbgect to transductick, and the 

results of &se st&ies -xl.U be deferred ti that section, 



Teats to deter&m 

were negatiw, 

tct both kmdl-2, 

(26) and the Vlp allele 

of W.2 (Xl) has been clarified, Stmdard~suapmsions have a reduced 

efficiency of plating leap) on this mutant such that the plaques produced 

are reduced in 3$ze and number, and also show a r&duced efficielrcy of 

tmnsdui=tion, Tktt mutants have been successfully lysogenized, but are . 

sta1 CxmiFe3isti1t to A-2, The prokwolo for crosses which establish 

a smtation at a new Lp3 locus not linked to Lp2-Mal op I,% w Gal, a& 

A-m& of :t-ysoganicity, Th& facility of the crhange Lp8 to Lp+ encourages 

the possibility that Ati rectly &3duces (rather than selects) Lp+ among 

the mrous oFzxl.idvors of ensure to phage. The fozzowing types of 

evidence vould be u3efuL in elucWating the primary infection processr 

(1) identi.fic t' a Ion of a Rprelysogeticv genotype in the absence of phags 



an apparent bmurx+l t&-l; would be converted to a stable ~lysogenic after 

trentxent t:lth)\. (2) a cax&U study of t!m dyzxmks of infection, in- 

whkh enge&er lysogenics, A pure Eysogenic pedigree would favor the 
. 

Attempts to identify the prelysogenic genotype in X-12, and hybrids 

of K-12 and other crossable lines hme been unsf~ccessful~ Pmliminary 

mqxrkents of the A..&ection process (IO) have disclosed lysogeuic colonies 

cmtmimtcd Wzth sensitive cel,ls and fme p!=ge long after initial cm- 

tact wGhjLs These &.xed clones ham sZnco been confkmed in K-3.2 (18) 

ad s8h02m2 (s&,21,239) e The posoi'ofiity that sporztamous alteration 

of the bacteria p~dispos%ng to a lysogenk &cisfon plays some roX& ti 

the r~+covery of lysogen3.cs f3 thus not *yet excluded. kkever, the simplest 

coaception Pa&m? that the gmetk. elmenta of the phage are directly 

2mxxxmra-kd in, or ii ttac&d - to the bacte~is~ chromosome a5 we hve bean 

able to find no indication of an eskra-nuclear inheritance of lysogenicity. 

The Effect of k and P on &ws~ &h&tort _ The pmeeoce of -- --- ti x 

one 3 b&h, or nei"ther of the parents of a cr055 doea not fnfluence the 

field of recoabimnts, As noted omlier (8) sensitizes uere not elkinaiad 



both pa.rent.4. types, and no others, 2-1 ratios dependent on the se'lqted 

auxotroph markers,, &I the other hand, tie coqatibility factor (F) 

dateties not only &he y1eI.d but also &he segregation pattern of many 

one parent is F; l? also seem to direct the clixination of certain chro- 

XOOOXEA oogments after the formation of the h$wid zygote (&23). The 

ixportant distinctions of F and xare snrrrmarized in table 1, These 

are em,ohasizdd to xitigate aqy conft~sion that night arise from the 

suggestion3 that have been recorded elsec~here that Amay play a d3rect 

role in sexual recombination as wA.X as to emphasiee the distinction be- 

twxn the A controlled transduction of rwtricted genetic fac"ars and the 

?-controlled sexual recombina%Ion, '&IS bdependent b=sZniSsiOR of ~~SSS 

factory r;~as demonstrated by the recovery of (1) F'Lp' cells on t-he &e 

hand, and FLp-+ on w s o%T~?T~ from ~&.~(iures of genetkxXl.,y l.abeUed 

T-Lpo and P-L& and sFnilarI.y, (2) Lp%" (but no L$F4 or Lp*F+) as sur- 

vivors frm YLp* exposed to 1 -conkhizg filtrates from F*Lp+ cultures. 



CaIL-free fC?.t~~~tes derived from suitable SaL~oneU.a strains xwe 

$8 ti vector of the genetic material (16,25)* Attempts to detect trans- 

dLl&-Aon 5.n LX? song Ue sumi.vom in the turbid centers of A pkques 

wei% mgative (10); but by tisislg: higl+titer lysates obtained by U-J? 

inductLon (2O)4 a successful trausdv.ctLon was achieved (22j, Two skiking 

e0 a sti@e genetic character, gakctose fermentation, and (2) a &dk~g - 

fnstabikity m.xWested by mosaic Ga14/Gal’ coloties after tmnsduction 

desplta ;repeated single coloray purification on EPil3 galac"tose agar, 

. 
The incj.dence of persistent imtability, rarely if ever encountered 

CO~~OU&.R~ of fJkm&iction with Recmbkation ?: The conditions 

required for tramduct5on are gemra3ly precluded in cmssing experimnts. 

duction baa not been so far recomred among recombinant progeny, A 



alternatim intmprztation of the Gal.-Lp cosegregatfon ratios mut;ly 

conb5nants ~3her2 parents vary only for the Lp marker, 

2 Thnsduction~ Selection Artefact?: Interactton of genstic 

f2ctom on reverse mutation of en%%-rely indeipendent loci have been re- 

posted bzfcm ( 3.5)* hrl analysis of the Gal- szg&xgation from the un= 

stable tr2w%xtion, the allelic tmusduc=tion3 reported below, as well 

aa many other ti~pes of evidence (22) zuZe out the interpretation that 

the transdwzt~on .is a selection arbefwt. The most convincing &deuce, 

hoxwrer, has been the dcxe2opent of spcAfic Gil" tmnsduct%ons in Gal* 

recip&nt E&%&x3 by ITExxls of A ZxIth extmordizxxy Mgh frequency of 



ever, reccmb:'u2at%on of two nonallelic Gal'- mxtsxts can be indirectly dew 

of Gp14 in tmnsduction exper3aents whereas tbfz~sewal. sterility of the , 

cross uo.&d block cell s-ecombination 5ni.11, , 

Crosses of a strain characterized 'by its enhanced fertility* Hfr; 

(15) displayed .a 3.3&k aga 0.f the Rfr trai% to These data were 

verified (table 3) for Gzl-21 Despfte th2.o .lhkage, efforts to traos- 

port tha Elfr and G&l* fmhors si.m2tz.neo~~l.~- into Gal-F-Lp* rechpient 

The coaq3tence of x %n transduction therefore continues to be confined 

to the Gal cluster0 

The Concurrence of Transduction and Lysog3nizatQmt Observations -mm-- 

on the E; c&i system, a8 in Salmone~lla, are consistent with thz hype-bhasis 

t&A the sector of tramduction consists of temperate phage. As a rule, 



sistent;iT pure, stable lysogenics, despits the persistsnt instability of 

the Gal+ tmit~ thy ensuing Gal- scgragants arG 2lEO lysogGnic* LysG- 

corre:?ation of the two mmized to be ex@ored as evidence bea&g on 

the hypothesis e EI t$e f?rst experS.mnt (table 4 f part A) transductions 

T;G~G picked as Gal4 papillae and stm%aked out on EMB galactose agar. A 
. . : ..' : .: 

single Gilti ( rapresenting non~tmns5nduced cells) and a single Gal+ 
:. .A. 

(-i&z mccassful transduction) 'is%m each tested for lysogeticity on an 

2ppropeltc LpS indicaorr In ~zperiz~~~t ?3, marked Ga3.+Lps ce3.3 Sn 
I . 

the approxk&z proportions expEctid from tzansduction were 3ntmdmed 

xI,th %he Gal- imd the mixed euUxz=e on EN3 galactose plates. WZth tha 
',~ 

ammqtfon that both Lps sk&ns xmld adsorb ad be equally affected 

by A 9 a dtiparity -in ly8ogmizatior& of the t-Z30 en8uhg Gal? OlaS~S 

only up to 'ills cf the az?-Ufical~ ineerted Gal* or of the original Gal" 

hzd b2Gll jx%@ted~ Both parts of the @xpes%ent shox a distinct corre- 

lotion of lysoger;izatzIon with transduction; the incidence of ljsogenization 

iq a?host h,igbr in these thm'in the control bacteria on the same pI!.&tes. . 



500 tests) from these simultaneously kxnsduced and l,ysogez&ed m&pie&s. 

!eh?s stidencc aqjm3s that A is the passive vector of genetic material fz=aa 

fn Salmonella the transduced gGnetk factors scorn to undGrgo an kmedi2te 

substitution for thG homologuzs in thG recTpi.ent bacterkm, If t&y are 

.sLICCGssfI-Ll at a72, In E, cohf K-22, hoxGver, an intemdia.te stage is 

perceived where one can detect simultarreously the presenk of the original 

recipient and the new transduced gefietic fac"@rs in the same cells by virtue 

of their subsequent segx-ega%Ioa, The reIat~onshAp betweea t&is rGplacemGnt 

Of gGm?tic matGri21 2nd th9 coxersion of virulent A tit0 its proplugs 

describmi be3ow, howGvGr, thGse processes havG been separated and am 

LherGfore not mAally dGpesdent, 

Lysogenisation of Isimune-1 in 'i 'rznsdu@S~n ~etimGn@: When &zxuze-1 -- 

strains such as I44027 and W-19& are exposed to,k, no GvidGxG of their 

&TSUgGD&ZatiGn is ord5nariS.y perceived, However, under condftLons whirl 



of the rcsulttig transductions showed that in sme cases, lysogenicity 

failed to segregate. IIZ othess,,l.ysogenicity and Gal segregate together, 

uZ.le in a single instance a lysogenic Gal- segregant ~2s fouud which con- 

tinued to segregate Lpr coloniese Sometiines a wxy wxk lysogenicity is 

observed (%ne~~laque types n in cross-brush tests), wh!.ch is cmpletely 

lost after a few transfers, Sme of these atypical cases are presented 

in table 5: and'sugg~~st the follosring alternative interpretations: 

(1) Lp' cells EWG genetical3.y lysogmi.c but c8p~y a mod%f'ied prophage,, 

Them cells EPG genemll.y resistant to infection with).., Eowever, A 

my be except%onally I.ntroduced si~~uXtaneously w%t;h the Gal+ frB@ent 

aad theye my displace the avirulent fom of the prophage, or qhen 

Lp segregation is observed, both prophages persSst togetht?r for the 

t&e beifig, (2) The Lpr 2s 0 n~-Ki.l~ allele, &I transduction, Lp+ 

and Gal' factors are introduced, but the lysogenk A mune Eegregation 

occurs when Gal segregates0 This hypothesis can not account easily for 

the Gd'dLp'~ types except by devising a complicated s@mue involving 

cr09sing0vGr0 (3) JIGTEU~GG may or my not be genetica'lly lysogenic. 

Thti produotion of Lp" signUies the occurrerace of a double transduction 

at -ho lGCi, Gal and 1;~" (a) ordinarily these linked factors would tend 



~IJC~~-CII d0es not operate, By 2 tmo-step process, two effective particles 

In any event, spectil asswqtions must be RXXS on the avkiity of 

the Lps locus for pro-lto account for the failure of transdtlctior~ to 

Lp' to rqgegate Lp*/Lp' along with Gal-'/Gal.? However, the Lpr zay 

oii3.y block the propa,ga%&on of ),or its reduct-aon to pro-h, 

HypothmLs (1) accoun'ihs fcr the occurrence of immunes Mich can 

be hduced by U-V (221, Tha rzcovery of unstable Lp+ t~aizsductzi.oxx~ in 

no,?-tra&.&ucrduced Gal- would tend to support Qpotksfs 3* The most 

doeisive elucidation of whether transduction displaces a mutant phage 

partS.cZe 115th i? wild type h or whether a normal Lp+ allele is substituted 

for a zutaut or n&U host Lpr genre would be pro-vided by experbents with 

genetically d~st~~ishaSle.hpre~~~ations. Lpr/Lss transductioxi were 

proxlnezt xith irratiated A ; te~ldfng to support hypothesis 2, 

Irradiation aff'ectsr QrxWitative assays of transducing potentiality ----cpI 

of phage preparation are ~ecessa&Ly based on plaque couuts. The survival 



par@icles ?Z 0 not fdCmtic2l either in Salmorzlla (28) or X-12 (22). 

IA fact, it is ~AOFE frox both-studies that transducing power may be 

ixxreased at som inkmediaze dosageso A comparison of the effects of 

10 assay fPO;n I/'2 x 10 TV 1~6~9 x 10 5 psr XUI. yielded 170 trmductions 

from  aA iAi.tLa.l titter of lo3 / ZKL, A  coqamb3.e X-riqy dose was found 

to be betmen lL~O,OOO and 200,000 rr h recognkable transdm tiok wem 

resovked at the latter c-xposum, Two viewpoints are M icatedz 

(1) the lytic and trazmducing prixciples inkam separable by their 

independent m m ival, and (2) avirulent~particles are produced tit 

they are &aged only to tix+ extent of virulence for the host oall, 

Cmclua3.ve exi.der,ce favoring one or the other views of Lpp, hOWWC?S-,  

53 riot yet at hand, A dacL&~e che&ml. and geEtic sepmation of the 

transduciplg m tzrial from  the: tirvG particle has not yet been experi- 

mentally achieved, &&her of not it is at all thecmtically possible, 

GENETSC D&INTION OF E E LOCI 

3eco~bimtionr Attsntioh was focused on gd.2cto3e nonfermenting 

z~~tant+s bscauso of the m imid'ence of the first recog&zdhsensitive 



(Ir!.) 

segregation of Lp 2nd Gal4 (lo), Gal" mutants have been isolated 

directly by inspection of surviving co'lonies after U-V treatment on EST!3 

gal.acbse agw and also as axxqaplllating variants of Lac" EJtabile 

recovered 0x1 EkB lactose agar plates, kteraction of Gal.- and Gal+ 

on the phenotypic expre ssion and reverse aa&ation of Lacl. ard be7 alleles 

have been described (9)* Recombination akalysis prodded the evidence for 

a cluster of fo? linked Gal loci (7), Gal1 ard Gal-4 show a ve,ry low 

order of crc~ssovez-s, Prel~ data could only differentiate them 

on the basis of behavior 5a Ret crossesj Lp and Gall are both hemizygous, 

while GaQ+/GdL1; heterozygous diploids are readily obtaid (-LaIoie 7 >,, 

'L'ransduction: Wansduction tests reinforce standard allelism tests 

(table 8), and in fact have tentativaly identified several new loci, 

now awaiting confirmation by recombirxxt%on analysis. Whether the 

relative yield of Gal* transductions is proportional to the map dis- 

tance between Lp and the Gal locus is in question. %eresultsof 

large-scale dtlelism tests made available to date by new techniques 

to facilftate crossing are summarized Intable 9. 



5.11 the ao~aic colony already noted and deserves further comment. 

I)cspite ~pxxmg 2 through a 12.~2~2 nmber of serial single colonies, Gal- 

sewmgants b - am a,lmsL almys thrown off, In transductions fioxn Gal*, 

id.?, all+ -XI Gal”, theas Gal- segregaats have been identipled as alleles 

transduction tests, No otAher kkds of Gal- have been recovered, On the 

other hand, if the donor is a non-allelic Gal-, both donor and recipient 

Gal” appear among the segregmts from the Gal+ transduction (22), For 

exaE!ple, Gag -X GgQY gives galactose-fermenting intermediates, 

presxmably of the constitutior? Ga120Galk+/Ga12-'GalkW* The segregants 

in a3.l these tests are. identified by (1) crossing exparinerts with Gal.*- 

and Ga$- testers, (2) deriving k d bJ t' an 3u ec u-ig the tealier3 toits 

action, and (3) applying A froa Gal+, Ga12”, M4-, etc. The Ga12- 

Ga14”, a crossover type, has not been conclusively md con&stint* 

established, TM3 double mutant would 

subject to transduction bylfron Gal+ 

be identified as one which is 

and froxl any Gal- other t,han 

Gsi2- or Ga14ws and would field no Gal') recombinant& in CI?OS~~S witi 

Ga12" and GalLi"' tMmmo 


